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ABSTRACT 
Background: Obesity is an understudied, but important issue for Chinese-
American children. While overall rates of child obesity among Chinese-
Americans are lower than in other racial/ethnic minority populations, about 1 in 4 
low-income school-aged Chinese-American children are classified as overweight 
or obese, with the prevalence among male children as high as 40%. Despite the 
need to address obesity prevention, especially among younger, pre-school-aged 
Chinese-American children, strategies to prevent obesity early in life have not 
been well-studied for this population. 
Objective: To examine activity and screen time related behaviors in a low-
income Chinese-American population, before and after implementation of an 
early childhood obesity prevention intervention (Greenlight) in a primary care 
setting serving predominantly low income families. 
Methods: This was a pre-, post-intervention analysis of physical activity- and 
screen time- related outcomes associated with the implementation of the 





program, which was culturally adapted for low-income Chinese-Americans, and 
implemented in a federally qualified health center in New York City’s Chinatown. 
Greenlight consists of: 1) low literacy handouts and “tangible tools” (e.g. portion 
size bowls) given at each well-child check (WCC), 2) physician communication 
training (e.g. use of written handouts to support verbal counseling, teach-back, 
goal-setting), and 3) 1:1 health educator encounters in waiting room. Pre-
implementation parent-child dyads were consecutively enrolled at their 6- or 12-
month well-child check (WCC) (n=70 and n=74 respectively). The cohort of post-
implementation parent-child dyads was consecutively enrolled between 0-3 
months of age (n=200) and followed at their 6-month (n=159) and 12-month 
(n=146) WCCs. Inclusion criteria for the dyads included: parent spoke 
Cantonese, Mandarin or English; parent/child of Chinese descent; and child born 
full term (≥37 weeks gestation). Primary outcome variables were: 1) meeting 
physical activity recommendations (>30 minutes of tummy time at 6 months of 
age; >60 minutes of active time (crawling, scooting, active play) at 12 months of 
age; based on American Academy of Pediatrics (AAP) recommendations), 2) 
meeting screen time recommendations (0 minutes of screen time, based on AAP 
recommendations at 6 and 12 months of age).  Multiple logistic regression 
analysis was performed, adjusting for child age, child gender, use of out of home 
daycare, parent age, primary language at home, and education. 
Results:  Six-month olds in the post-implementation period had a 5-fold 





pre-implementation (pre vs. post: 30.3 vs. 63.0%, p<0.001; AOR=5.0[2.5-10.1]. 
Twelve-month olds in the post-Greenlight implementation period had a nearly 20-
fold increased odds of meeting the physical activity recommendation compared 
to pre-implementation (pre vs. post: 76.5 vs. 98.6%, p<0.001; AOR=19.4 [4.1-
91.7]). Overall, screen time minutes were low in the pre- and post-
implementation periods, with median television screen time <5 minutes at 6 
months and <10-15 minutes at 12 months. There were no statistically significant 
differences by pre- vs. post-implementation status related to meeting the AAPs 
screen time recommendation of no screen time, in both unadjusted and adjusted 
analyses. 
Conclusion: At 6 and 12 months, implementation of Greenlight was associated 
with parent ability to meet physical activity-related recommendations. Overall use 
of screen time was low, and no differences were seen in parent ability to meet 
screen time recommendations. Further study is needed to identify additional 
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The Child Obesity Epidemic in the U.S 
Child obesity rates in the United States has almost tripled over the past 20 
years, and while a plateauing of child obesity rates has recently been seen,1–5 
the issue remains concerning, with 1 in 5 children categorized as being obese.2,3 
Rates of obesity have been observed to be disproportionately higher among 
children from families with low socioeconomic status backgrounds and across 
certain racial/ethnic minority groups (e.g. 16.1% non-Hispanic White vs. 25.6 % 
Hispanic vs. 24.2% non-Hispanic Black).2,3   
A growing body of literature supports initiating interventions to address 
obesity early in life,6 as 1 in 4 pre-school children are already classified as 
overweight or obese,1,7,8 and being overweight in early childhood is associated 
with an increased likelihood of being overweight in adolescence and adulthood.6,9 
Studies have shown that the weight-for-length (WFL) z-scores of infants can be 
used to predict the risk of overweight or obesity later in life.6,9–12  In addition, 
weight gain, even in early infancy, has been linked to increased cardiovascular 
risks into adulthood.13    
The American Academy of Pediatrics (AAP) and research from child 
obesity experts suggest that the first twelve months of life is an especially critical 






practices for infants to decrease the risk of obesity-related comorbidities later in 
life.6,7  
Obesity and Chinese-American Children 
Obesity is an understudied, but important issue for Chinese-American 
children. While overall rates of child obesity among Chinese-Americans are lower 
than in other racial/ethnic minority populations, about 1 in 4 low-income school-
aged Chinese-American children are classified as overweight (14.4%) or obese 
(10.2%), with the prevalence among male children as high as 40%.14  In addition, 
for Chinese-Americans, the risk of developing obesity-related co-morbidities, 
including cardiovascular disease, stroke, diabetes, and hypertension,1,7,15–17 
appears to start at a lower body mass index (BMI) score than for their White 
counterparts14,18 (BMI is the measurement used to classify whether a patient is 
underweight, normal, overweight, or obese17). Despite the need to address 
obesity prevention, especially among younger, pre-school-aged Chinese-
American children, strategies to prevent obesity early in life have not been well-








Modifiable Risk Factors for Child Obesity: Physical Activity and Screen 
Time 
Inadequate daily physical activity and excessive screen time are among 
the modifiable risk factors for obesity that have been identified as potential 
targets of early obesity prevention interventions. To date, the majority of research 
in pediatric obesity has focused on school age children, where decreased 
physical activity and increased sedentary behaviors (e.g. screen time), has been 
associated with unhealthy weight gain for children later in life.12,19,20  This 
includes research which has found that excess T.V. and screen time is 
associated with increased child BMI. 19,21–28  Research in younger children is 
limited, but an emerging body of evidence indicates that limited infant physical 
activity (tummy time) is associated with increased total body fat29–31, rapid weight 
gain,32 and greater skin fold thickness.33  The few studies on screen time focused 
on early childhood have found that increased duration of sedentary practices like 
screen time (i.e., watching television, tablets, and smartphones) has been linked 
to unnecessary weight gain for infants,24,25 and in a study of Chinese toddlers, 
screen time for more than 2 hours per day increased the odds of developing 
obesity as adolescents.34 
Prior studies have found high rates of obesogenic physical activity and 
screen time behaviors in children; a study by Perrin et al. in a sample of families 






reported daily physical activity levels less than what is recommended (i.e., tummy 
time) and most infants (90%) had some exposure to television, despite the AAP’s 
recommendation that children less than 18 months of age should have no 
television/screen time.35 Other studies have also found that parent introduction of 
T.V. /screen time to infants before the age of 2 is common,32,33 especially among 
parents from low socioeconomic backgrounds.19 
Few studies have examined racial/ethnic differences in obesogenic 
physical activity and screen time behaviors in infants. One study found that 
Hispanic infants were the least likely to have the recommended amount of daily 
tummy time compared to non-Hispanic Black and non-Hispanic White infants.35 
Non-Hispanic Black infants had the highest average daily T.V. exposure, while 
Hispanic infants had the least.35  To date, there has been limited study of 
obesogenic physical activity and screen time in Chinese-American infants.  
 
Infant Physical Activity Recommendations 
The Institute of Medicine emphasizes the need for early obesity prevention 
interventions to promote infant physical activity and increase infant energy 
expenditure.38 The AAP recommends that infants from ages 0 to 12 months 
should spend at least 30 to 60 minutes a day playing in the prone position39 (e.g. 
tummy time, rolling, sitting, crawling and other activities that can promote 






Tummy time is an important form of physical activity for infants who are 6 
months or younger that helps support motor development. In fact, the AAP 
recommends that infants practice tummy time beginning in the first weeks of 
life—playing two to three times each day for about a total of three to five minutes 
daily and then to gradually increase the time and frequency of tummy time to 
about an hour each day.42 Tummy time helps infants build their neck muscles, 
which is critical for the development of more complicated movements such as 
rolling over (from supine to prone position or prone to supine position), sitting, 
crawling, and pulling their bodies to a standing position.42 Pediatricians also 
recommend placing a toy in front of the baby as part of tummy time, which 
supports their ability to learn how to reach and grasp for objects, as well as 
develop muscles for scooting, crawling and rolling over, which are important 6-
month milestones.28,38–40 Tummy time also helps infants build muscles in their 
arms, shoulders and legs which is especially important for infants as they are 
learn how to roll, and how to sit by supporting themselves with their arms in front 
of them.44,45 Another benefit of tummy time is that it decreases the risk of infants 
developing skull deformities, such as plagiocephaly.39 By 12 months old, infants 
will use their arms to push themselves to scoot around or crawl to explore their 







Infant Screen time recommendations 
According to the AAP, it is recommended that children 18 months of age 
and younger avoid having any screen time (i.e., exposure to smartphones, 
television, tablets, computers, and video games) with the exception of video-
chatting.22 This is in part because screen time is a sedentary behavior, and 
displaces time for active play. 
 
Health Literacy and Obesity  
Low parent health literacy has been identified as an important risk factor 
for the development of childhood obesity.19 Health literacy is defined as “the 
degree to which individuals have the capacity to obtain, process, and understand 
basic health information and services needed to make appropriate health 
decisions.”46 In the US, about one in four parents have basic or below basic 
health literacy skills,47,48 with low income, minority, and immigrant populations 
disproportionately affected.49–51 Low health literacy is independently associated 
with poorer understanding of health information, as well as worse health 
behaviors and clinical outcomes. In the context of obesity, low parent health 
literacy is associated with less breastfeeding, problems mixing formula correctly, 
pressuring feeding, difficulty understanding food labels, portion sizes, and growth 






An important health literacy-related barrier for parents is access to 
understandable and actionable information on how to best care for their young 
children.46 Currently, a large proportion of child health-related educational 
materials is too complicated for parents and caregivers to understand and use 
appropriately to make important health decisions for their child.19,48,52 The typical 
adult in the United States is at a 6-8th grade reading and writing level; many 
common parent information sheets are written at a 10th-grade level or higher.53,54  
The U.S. Department of Human Resources and Service Administration (HRSA) 
recommends that health care providers use health literacy-informed 
communication strategies, including avoiding use of jargon, using supplemental 
materials such as videos, models and pictures to supplement verbal 
communication, using the teach back method, and repeating important 
information.46  To date, few studies have addressed early obesity prevention 
using a literacy-sensitive approach. 
 
The Greenlight Early Childhood Obesity Prevention Intervention  
Greenlight is a low literacy early childhood obesity intervention program 
based in the pediatric primary care setting, developed under a grant from the 
National Institutes of Health (NIH) and the National Institute of Child Health and 
Human Development (NICHD).55 The program uniquely incorporates health 






centered” intervention that engages parents and caregivers of children from low-
income households at well-child visits in the first 2 years of life.55 This program 
utilizes a series of age-specific low literacy booklets and tools that both primary 
care physicians and parents/caretakers can use to help prevent obesity 
development and promote healthy lifestyles for children and their families. These 
educational materials address multiple contributing factors to rapid infant weight 
gain and childhood obesity, including physical activity and screen time.55 
Recently, this program was culturally adapted for low-income Chinese-American 
families, and implemented as part of routine well-child care at the Charles B. 
Wang Community Health Center (CBWCHC), via a partnership with New York 
University (NYU) School of Medicine’s Department of Pediatrics, with support 










The objective of this paper is to examine activity- and screen time related 
behaviors in a low-income Chinese-American population, before and after 
implementation of an early childhood obesity prevention intervention (Greenlight) 
at the Charles B. Wang Community Health Center, a federally qualified health 
center in New York City. We hypothesized that parents of children seen post- 
Greenlight implementation would report higher levels physical activity and 






























This was a pre-, post-intervention analysis of physical activity- and screen 
time- related outcomes associated with the implementation of the Greenlight 
intervention, a health literacy-informed early child obesity prevention program, 
which has been culturally adapted for low-income Chinese-Americans, and 
implemented in a federally qualified health center in New York City’s Chinatown. 
Pre-implementation parent-child dyads were consecutively enrolled at their 6- or 
12-month well-child check (WCC). The cohort of post-implementation parent-
child dyads was consecutively enrolled between 0-3 months of age and followed 
through their 12-month WCC. Physical activity and screen time-related outcomes 
were compared at the 6- and 12- month time-points, pre- and post- Greenlight 
implementation (Figure 1). Institutional Review Board approval was obtained 
from NYU School of Medicine.  
 
Setting  
 Subjects were enrolled in the pediatric clinic at Charles B. Wang 
Community Health Center’s (CBWCHC) Manhattan, Chinatown location. This is a 
federally qualified health center that has been serving the low-income and 
















daytime hours when study enrollment took place, trained bilingual 
(Chinese[Mandarin/Cantonese]/English) study staff approached families in the 
waiting room, and parent-child dyads were assessed consecutively for inclusion/ 
exclusion criteria to determine eligibility for the study. Trained staff presented 
parents with a consent form, in English or in Chinese, based on parent 
preference, and asked to provide written, informed consent.   
 
Eligibility 
Inclusion criteria for the parent-child dyads included the following: parent 
or legal guardian who was the primary caregiver of the child; parent ≥18 years of 
age; parent spoke Cantonese, Mandarin or English; parent/child of Chinese 
descent; child born full term (≥37 weeks gestation), child healthy with no chronic 
illness that would impact feeding or growth (e.g., metabolic disease, renal 
disease, high-calorie formula, cleft palate, Down Syndrome, uncorrected 
congenital heart disease); and parent planned to bring child to WCCs at this site 
until 3 years of age.  
Exclusion criteria included the following: parent with a mental or 
neurological condition that could affect their ability to participate in the study; 
parent enrolled in another nutrition-related study; and parent with known plans to 





 Additional inclusion criteria for the 6-month and 12-month pre-
implementation groups were presentation for a WCC between 5 and 7.5 months 
of age, and 10 and 14 months of age, respectively. Additional inclusion criteria 
for the post-implementation cohort was presentation for a WCC between 0- and 
3-months of age.  
 
Data Collection  
 Trained staff conducted interviews with parents in either English or 
Chinese per parent preference. For the pre-implementation group, data was 
collected by survey at a single time point, on the day of enrollment, when 
parents/caregivers presented for their 6-or 12-month WCCs. For the post-
implementation cohort, data was collected at WCCs at 0-3 months, and again at 
the 6- and 12-month WCCs. Surveys were completed before or after the WCC 
visit, in-person, or by telephone after the WCC.  
 
The Greenlight Early Childhood Obesity Prevention Intervention 
Greenlight is a primary care-based, health literacy-informed early child 
obesity prevention intervention, first developed as part of a National Institutes of 
Health/National Institute of Child Health and Human Development (NIH/NICHD)-
funded study [NCT01040897] and was among the first obesity prevention 







The program uniquely incorporated health literacy principles and the social 
cognitive theory (SCT) to help create a "family-centered" intervention that is easy 
to understand and engaging for parents and caregivers with young children, 
especially those from low socioeconomic status backgrounds.55 The program 
utilizes a series of patient education materials (Greenlight booklets) designed to 
be accessible to those with low health literacy and tools (e.g. portion size snack 
cups) that primary care physicians can use as part of counseling during WCCs 
with parents/caretakers, to help families establish healthy feeding and physical 
activity-related practices for infants and toddlers.55 These educational materials 
address multiple contributing factors to rapid weight gain and childhood obesity, 
such as physical activity and screen time.55 At the end of each WCC, parents are 
given the age-specific toolkit to take home to share with others involved in their 
child's caregiving. The development of this intervention involved a team 
consisting of clinicians, scholars, pediatricians, and other pediatric healthcare 
experts in fields such as health literacy and numeracy, health communication, 
child development, child behavioral health, pediatric obesity, injury prevention, 
linguistic and cultural competence, and graphic and web design.55 
At each WCC, age-specific Greenlight booklets (Figures 2 and 3) facilitate 





considered to be most important for obesity prevention at that time point (shown 
within the 3 traffic lights on the front cover), and providers are given the option of 
providing additional supplemental booklets (e.g, active time (Figure 4), screen 
time (Figure 5)). At some visits, tangible tools were also given (e.g, sippy cup, 
portion-size snack cup). Health care providers were trained in health literacy-
informed communication strategies (e.g. use of visuals to supplement print 
materials, teach-back, and goal-setting, to help them communicate obesity-

































Health Literacy Framework for Designing the Greenlight Intervention   
The Greenlight program was designed based on health literacy framework 
laid out by Rootman, the members of the National Academy of Medicine’s Health 
Literacy Roundtable and other health literacy experts57–59. The educational 
materials were designed to be: easy to understand with key messages that are 
written in plain language (4th to 6th-grade reading level); use appropriate 
amounts of white space; and incorporate meaningful behavior-oriented visuals to 
support the text (e.g. appropriate activities for each age-specific booklet). Traffic 
light themed icons were also used throughout the booklets to reinforce the key 
messages: green for positive health behaviors; yellow for behaviors to be 
cautious about; red for negative health behaviors to avoid. Tangible tools were 
also provided to parent-child dyads to help reinforce the key messages. And all 
booklets were also available and accessible to parents online at www.greenlight-
program.org.  
Providers were also trained in effective health communication skills with a 
specific emphasis on improving communication with parents with poor literacy 
skills in obesity prevention discussions during the WCC visits. Providers were 
trained to: (1) practice the teach-back technique to reinforce parent 
understanding of concepts; (2) avoid usage of high literacy jargon and 
vocabulary; (3) utilize of informational materials to reinforce messages during 





provided a visual of the concepts discussed; and (4) practice motivational-
interviewing and shared goal setting strategies.  
  
Social Cognitive Theory 
The Social Cognitive Theory (SCT), in conjunction to the health literacy 
principles, was also utilized as the conceptual framework for the Greenlight 
Intervention program and implementation process.60 To optimize parent adoption 
of early child obesity prevention measures, the intervention integrated the four 
components of SCT: motivation (direct reinforcement of healthy behaviors); 
social cues (repeated modeling of the healthy behaviors); outcome expectancy 
(parent expecting the benefits from adopting the behavior); and self-efficacy 
(parent’s confidence in her or his ability to perform the behavior).”55,60  
In the context of Greenlight, the providers were trained to practice 
motivational interviewing techniques to help reinforce specific behaviors (e.g., 
increased tummy time, increased family physical activity, decrease infant screen 
time exposure), which addressed the motivation component of SCT.55 For the 
social cues component of SCT, the Greenlight toolkit that contained educational 
materials and tangible tools provided parents and caregivers with visuals and 
models of recommended behaviors.55 As for outcome expectancy, physician 
provided parents with information in which the parents could associate with 





goal-setting strategies to help support parents’ confidence as they adopt obesity 
prevention behaviors.60 
 
Greenlight Toolkit: Physical Activity and Screen time content 
Physical activity and screen time messaging in the Greenlight booklets 
varied by target age group. Table 1 depicts the physical activity and screen time-
related recommendations and goals discussed. 
In the 6 month Greenlight booklet, the physical activity-related core 
message promoted infant active time in the prone position (tummy time) by 
stating, “Be active with your baby. Put him on a blanket on the floor with some 
toys and play together!”  In the 12-month booklet, the physical activity-related 
core message focused on playing actively as a family, stating “Play together in 
an active way! Your toddler loves being active with you and the whole family.”  
In the active time supplement booklet, the messages encouraged parents 
to engage in physical activity together with their child. In the screen time 
supplement booklet, the messages reminded parents that infants should not 
have any screen time and provided alternative activities instead of giving screens 













Cultural Adaptation of Greenlight 
Greenlight materials were culturally adapted for Chinese-Americans in a 
close partnership between NYU School of Medicine and the Charles B. Wang 
Community Health Center (CBWCHC). This cultural adaptation process involved 
the participation of numerous stakeholders, including pediatricians, nutritionists, 
research assistants, nurses, health educators, medical assistants, and parents 
from the Chinese-American community. Materials were translated into Simplified 
and Traditional Chinese. Multiple rounds of review took place, with a focus on 
achieving thematic equivalence, conceptual equivalence, item equivalence and 
operational equivalence.  
During the cultural adaptation process, valuable feedback from parents 
and staff were collected about the booklets and tangible tools via focus group 
and 1:1 interviews. For example, parents and staff had raised concerns that the 
tummy time messages may not resonate with many Chinese parents who think 
their babies are too young and not strong enough to begin tummy time. One of 
the parents commented, “...it’s very hard for a 2-month-old to lift up his head. It’s 
the same as when we encourage a baby to stand up. We can try...but still, he is 
too little.” Greenlight tummy time messages were adjusted to address these 
concerns. For example, as shown in Figure 6, text was added such as, “Many 
parents think their baby is not ready for tummy time—but most babies are! Here 
is how to start…”. In addition, the phrase “as he gets stronger...” was added to 
















Waiting Room Program 
To supplement counseling regarding Greenlight messages, a health 
educator program was added in the waiting room as part of the Greenlight 
implementation process. This waiting room program was modeled after Bellevue 
Hospital’s Health Education and Literacy for Parents (HELP) Project. The HELP 
project helps support the health literacy needs of parents through short-term 
educational interventions in pediatric waiting rooms. At CBWCHC, trained health 
educators worked with families 1:1 prior to and after WCCs to reinforce 
Greenlight messages.  
 
Measures 
The primary outcome measures were meeting recommendations related 
to daily duration of physical activity and screen time among 6- and 12-month olds 
(parent reported). 
Met Physical Activity Recommendations 
Infants were assessed for whether the duration of physical activity they 
had on an average day met AAP physical activity recommendations. Questions 
were adapted from a subset of previously validated surveys that included the 
Parenting Strategies for Eating and Activity Scale (PEAS)61 and Early Childhood 





The amount of physical activity that 6-month old infants had on a typical 
day was assessed with the question, “On a typical day, how much total time does 
[child’s name] spend being active on his tummy while awake?”  The answer for 
this question was recorded in minutes. Infants were then dichotomized into two 
groups based on whether they had adequate tummy time of 30 minutes or more 
each day, based on AAP recommendations on the amount of time 6-month old 
infants should spend in the prone position (i.e. tummy time).39   
The amount of physical activity that 12-month old infants had on a typical 
day was assessed with the question, “On a typical day, how much total time does 
[child’s name] spend crawling, scooting, or moving in an active way?” The 
answer for these questions was recorded in minutes. Twelve-month olds were 
categorized into two groups based on whether they reported 60 minute or more 
of active time each day, based on AAP recommendations on the amount of time 
12- month old infants should spend having active time.39  
 
Met Screen Time Recommendations   
Infants were assessed for whether the duration of screen time they had on 
an average day exceeded AAP screen time recommendations. The amount of 
screen time that 6- and 12- month infants had on a typical day was evaluated 
using two different questions: (1) “On a typical day, how much time does [child’s 





or is being used for video games)?” (2) “On a typical day, how many hours does 
[child’s name] spend actively looking at or playing with screens other than TV 
(such as Game Boy, PlayStation, Xbox, computer games or on the internet, iPad, 
and other tablets)?” The answer for these questions were recorded in hours and 
minutes and the amount of time was added for the two questions to get a total 
screen time in minutes. Infants were categorized into 2 groups based on whether 
they reported more than zero minutes of screen time each day, based on AAP 
recommendations that children less than 18 months old should have no screen 
time.63 These two questions were adapted from the Youth Risk Behavior Survey 
on screen time including TV and other media.64 
 
Covariates  
Information was also collected on child characteristics, including age, 
gender, first born status, health insurance status, and whether the child had out 
of home care. Parent information collected included age, relationship to child, 
marital status, country of birth, primary language at home, and education. 
 
Statistical Analysis  
  The SPSS statistical analysis program (IBM, SPSS Version 25) was used. 
Descriptive statistics was used to summarize the sociodemographic 





groups. To examine differences in characteristics of the pre- and post-
implementation groups at the 6- and 12-month time points, t-tests, Chi-square, 
and Fisher’s exact tests were used as appropriate. A 2-tailed p-value of 0.05 was 
used as the cutoff for statistical significance. 
To examine differences in outcome variables between the pre- and post-
implementation groups, unadjusted analyses were first performed using Chi-
square and Fisher’s exact tests for categorical variables. For continuous 
variables, Mann Whitney U tests were used because of the skewed distribution of 
results related to duration of daily physical activity and screen time. 
Finally, multiple logistic regression analysis were performed, adjusting for 
variables identified a priori, as well as those sociodemographic variables found to 
be different pre- and post-implementation. Variables adjusted for in analyses 
included: child age, child gender, use of out of home daycare, parent age, 







From February 27, 2015 through September 26, 2017, a total of 144 pre-
implementation parent-child pairs (6-month group: n=70; 12-month group: n=74) 
and a cohort of 200 post-implementation parent/child pairs were enrolled.  For 
the cohort of post-implementation parent-child dyads, there was a 79.5% follow-
up rate at the 6-month WCC (n=159) and a follow-up rate of 73.0% at the 12-
month WCC (n=146). Table 2 shows the baseline characteristics of the parent-
child dyads. For nearly all characteristics, there were no significant differences 
observed between the children in the pre-implementation group compared to the 
children in the post-implementation group at the 6- and 12-month time points. 
There was a difference by education level pre- vs. post-implementation, at both 
6- and 12-month time points, with parents in the post-implementation period 
having a larger proportion with a HS degree, while parents in the pre-
implementation had a larger proportion who had less than a high school 
education. In addition, at the 12-month time-period, there was a statistically 
significant difference in the percentage of parents who primarily spoke Chinese 
at home in the post-implementation period compared to the pre-implementation 














Physical Activity  
The median (IQR) minutes of physical activity among 6-month olds was 
statistically significantly different in the pre- vs. post-implementation groups (pre: 
11.3 (5.4-39.4), post: 30 (15-90), p<0.001) (see Table 3). Among 6-month olds, 
the percentage that met physical activity recommendations to have 30 or more 
minutes of tummy time was also statistically significantly different pre- vs. post-
implementation (30.3% vs. 63.0%, p<0.001). Among 12-month olds, the 
percentage that met physical activity recommendations to have 60 minutes or 
more of active time also varied pre- vs. post-implementation (76.5% vs. 98.6%, 
p<0.001).  
In adjusted analyses, 6-month olds in the post-Greenlight implementation 
periods had a 5-fold increased odds of meeting the physical activity 
recommendation at 6 months (30 minutes or more of tummy time), compared to 
the pre-implementation 6-month olds (AOR=5.0[2.5-10.1]. In adjusted analyses 
12-month olds in the post-Greenlight implementation period had a nearly 20-fold 
increased odds of meeting the physical activity recommendation at 12 months 
compared to pre-implementation (AOR=19.4 [4.1-91.7]. 
Screen Time 
Overall, screen time minutes were low in the pre- and post-implementation 
periods, with median television screen time <5 minutes at 6 months and <10-15 





vs. post-implementation status related to meeting the AAPs screen time 










a Per AAP, recommended duration of physical activity at 6 months of age >30 minutes/day; Recommended duration of physical activity at 12 
months of age  >60 minutes/d 











 To our knowledge, this study is one of the first studies to examine 
differences in physical activity and screen time-related behaviors among parents 
of infants after implementation of an early childhood obesity prevention 
intervention targeting low income Chinese-American families. 
 In this study, we found that 70% of Chinese-American parents of 6-month 
old infants did not meet the AAP recommendation of having 30 minutes or more 
of daily tummy time.39,45 This is similar to another study, the Starting Early study, 
done in predominantly Hispanic families of young infants, which also found that 
70% of parents did not adhere to the AAP tummy time recommendations.65 The 
reason why adoption of these recommendations is low for Chinese-American 
families may be that Chinese-American families are concerned about whether 
their infants are ready for or strong enough to practice tummy time at this age, as 
was voiced by Chinese-American parents during focus groups held as part of the 
Greenlight cultural adaptation process. Hispanic mothers in the Starting Early 
study had also expressed concerns about the safety of their infants practicing 
tummy time on the floor.65 
 Implementation of the low-literacy early childhood obesity prevention 
intervention led to a 5-fold increased odds of parents meeting the 6-month 
tummy time recommendation. This is consistent with findings from the Starting 
Early intervention focused on Hispanic mothers of young infants, where there 





time.65 The difference in effectiveness of the intervention may be due to the 
different racial/ethnic target populations in the 2 studies, the age of infants 
assessed, and the way tummy time was assessed (any vs. none instead of using 
the 30 minute threshold). Findings are also consistent with the Healthy 
Beginnings study—a home-based early child obesity prevention intervention 
done in Australia—showed a 7% increase (from 76 to 83%) in any daily tummy 
time;66 notably, this study used the outcome of any daily tummy time rather than 
a more strict 30 minute threshold as an indicator of adequate tummy time.  
 Our findings that parents had a significantly higher odds of meeting tummy 
time recommendations after implementation of Greenlight supports the potential 
for long term positive impacts on child health, as prior studies have found that 
practicing tummy time early in life is likely to promote greater future participation 
in physical activities.67  Notably, the Greenlight intervention presents different 
options for tummy time, such as floor tummy time and tummy time on a parent’s 
lap or chest, as equivalent. Further work is needed to better understand whether 
one strategy should be prioritized over another, and how to best support parent 
adoption of healthy tummy time practices. 
 In this study, we found that nearly 75% of Chinese-American parents of 12-
month old infants met the AAP recommendation of having 60 minutes or more of 
daily active time.39,45 This is consistent with a study by Black et al., performed 
with a low income, predominantly Black, non-Hispanic, rural population, which 





receiving the intervention adopted in their study.68 
 Implementation of the low-literacy early childhood obesity prevention 
intervention led to a 20-fold increased odds of meeting the physical activity 
recommendation at 12 months. This is consistent with findings from the Black et 
al., which found about a half hour increase in duration of physical activity among 
12 month olds, using the Hip-Hop to Health Jr. Obesity Prevention Effectiveness 
Trial69 that was based in social cognitive theory (e.g., goal setting and modelling), 
self-determination theory and incorporated patient education materials. The 
difference in effectiveness of the intervention may be due to different racial/ethnic 
target populations in the 2 studies, and the different method in which physical 
activity was assessed (self-report vs. ankle accelerometer bracelet)68 
 We found that use of screen time was common among Chinese-American 
infants in our sample, with over half reporting some screen time exposure for 
their 6-month olds, and over 75% reporting screen time exposure for their 12 
month olds. Notably, however, duration of screen time use appeared to be low 
(median <10 minutes at both 6 and 12 months). These findings suggest that 
Chinese-Americans may have better screen time practices than other groups. 
Based on a report on a national sample of US children,  the average duration of 
daily media that children under age 2 consumed was 49 minutes of media, which 
is well above the AAP recommended amount of screen time.22,70 Similarly, a 
study by Kalbi et al., which focused on low-income, urban, non-Hispanic Black 





some form of mobile device and were exposed to media before 12 months of 
age.71  
 We did not find any statistically significant differences in screen time activity 
pre- vs. post-Greenlight implementation for 6-month and 12-month parent-child 
dyads. This may be due to a need to further strengthen the screen time 
messaging included in the booklets. In addition, the distribution of the Screen 
Time booklets was at the discretion of providers; establishing a protocol to 
systematically distribute these booklets to families may be helpful.  
Future research is needed to determine how to best communicate screen 
time messages more effectively, as the AAP recommends that infants and 
toddler that are 18 months of age and younger should avoid having any screen 
time (i.e., exposure to smartphones, television, tablets, computers, and video 
games) with the exception of video-chatting.22 Interventions will need to address 
the proliferation of technology and its increasing presence in daily life, which 
make parent adherence to these recommendations difficult.  
Addressing the issue of screen time is critical not only due to the role of 
screen time in displacing physical activity. Children from 0 to 2 years old are in a 
critical developmental phase where their skills are developed primarily through 
hands-on exploration of the environment around them and social interactions 
between the infant/toddler and the parent/caretaker.22 Research has found that 
exposing infants to intense amounts of stimuli (i.e. rapidly changing images and 





can lead to high blood pressure35, sleep problems73, and child developmental 
issues.74 In addition, recent studies also suggest that introducing screens to 
infants may be associated with increased duration of screen time later in 
childhood.75  
 There are limitations to this study. Data collected on infant physical activity 
and screen time were based on self-reported information from the 
parent/caretaker, and are thus subject to social desirability bias and recall bias. 
Furthermore, this study involved examining differences in practice pre- and post-
Greenlight intervention, and there may have been other temporal factors that 
could have impacted our findings. In addition, we asked a limited set of questions 
related to physical activity and screen time. Our physical activity questions 
focused on overall daily physical activity duration rather than time spent of 
specific activities, we did not specifically ask about floor-based vs. other forms of 
tummy time, nor did we get details on unrestrained vs. restrained time (e.g. time 
in car seat, strapped in swing or baby chair).  Our screen time questions did not 
distinguish between potentially more “active” screen time activities (e.g. dance 
and exercise videos), although overall reported screen time duration was low. In 
addition, we collected data at 6 and 12 months, and did not collect data at each 
well-child check between birth through 12 months, which would have given us a 
better sense of trends over time.  Finally, the results from the study may not be 
generalizable. This study was conducted at a single primary care clinic site 





American communities in the United States; children’s health could be impacted 
by their environment in terms of the level of urbanization.76,77  
 It would be beneficial for future studies to follow and monitor the children 
enrolled in early childhood obesity prevention studies into their adolescent and 
adult years. This would allow us to observe the impact of the Greenlight 
intervention on obesity long term.  
 A future qualitative study could be beneficial to better understand barriers 
and facilitators to following AAP physical activity- and screen time-related 
recommendations. This could include questions asking parents/caregivers about 
potential barriers they have that may prevent them from allowing their infant to 
practice tummy time; asking parents/caregivers about their perceptions regarding 
screen time benefits and harms; asking parents/caregivers about barriers to 
reducing screen time. 













The issue of infant overweight and obesity within Chinese American 
children is an understudied field in child obesity. The results of our study 
provided valuable supporting evidence of the potential benefits of incorporating a 
low-health literacy48, and SCT60 based intervention on Chinese-American infant 
physical activity into the primary care setting. The findings highlight the potential 
benefits of using motivational interviewing techniques, and shared-goal setting 
techniques to optimize and reinforce Chinese-American parents’ adoption of 
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